Supertyphoon Megi (2010) left behind two very contrasting SST cold-wake cooling patterns between the Philippine Sea (1.58C) and the South China Sea (78C). Based on various radii of radial winds, the authors found that the size of Megi doubles over the South China Sea when it curves northward. On average, the radius of maximum wind (RMW) increased from 18.8 km over the Philippine Sea to 43.1 km over the South China Sea; the radius of 64-kt (33 m s 21 ) typhoon-force wind (R64) increased from 52.6 to 119.7 km; the radius of 50-kt (25.7 m s 21 ) damaging-force wind (R50) increased from 91.8 to 210 km; and the radius of 34-kt (17.5 m s 21 ) gale-force wind (R34) increased from 162.3 to 358.5 km. To investigate the typhoon size effect, the authors conduct a series of numerical experiments on Megi-induced SST cooling by keeping other factors unchanged, that is, typhoon translation speed and ocean subsurface thermal structure. The results show that if it were not for Megi's size increase over the South China Sea, the during-Megi SST cooling magnitude would have been 52% less (reduced from 48 to 1.98C), the right bias in cooling would have been 60% (or 30 km) less, and the width of the cooling would have been 61% (or 52 km) less, suggesting that typhoon size is as important as other well-known factors on SST cooling. Aside from the size effect, the authors also conduct a straighttrack experiment and find that the curvature of Megi contributes up to 30% (or 1.28C) of cooling over the South China Sea.
Introduction
The sea surface temperature (SST) cooling is one highly noticeable ocean response to a moving typhoon (Price 1981; Sanford et al. 1987; Cione and Uhlhorn 2003; Lin et al. 2003; Walker et al. 2005; D'Asaro et al. 2007 D'Asaro et al. , 2014 . Such typhoon-induced cooling has long been an important topic for both oceanographers and meteorologists because of its significant impact on the ocean dynamics and atmosphere. Over the last three decades, observational studies (e.g., Leipper 1967; Sanford et al. 1987 Sanford et al. , 2007 Sanford et al. , 2011 Shay et al. 1992 Shay et al. , 2000 D'Asaro 2003; Lin et al. 2003; D'Asaro et al. 2007; Wu et al. 2007; Jaimes and Shay 2009; Pun et al. 2007 Pun et al. , 2011 Uhlhorn and Shay 2012; Mrvaljevic et al. 2013; Guan et al. 2014; Hsu et al. 2017) , numerical experiments (e.g., Price 1981; Price et al. 1994 Price et al. , 2008 Jacob et al. 2000; Wada 2005; Chen et al. 2007; Jaimes et al. 2011; Vincent et al. 2012; Yablonsky and Ginis 2013; Ko et al. 2014; Jaimes and Shay 2015; Wu et al. 2016) , and multinational field campaigns (e.g., Black et al. 2007; D'Asaro et al. 2014 ) have been carried out to understand the characteristics and formation mechanism of the SST cooling. It is well known that SST cooling during a typhoon's intensification stage can feed back to the typhoon itself through both modulating air-sea energy fluxes and stabilizing an atmospheric boundary layer (Chang and Anthes 1979; Bender et al. 1993; Emanuel 1999; Cione et al. 2000; Shay et al. 2000; Chen et al. 2007; Lin et al. 2008 Lin et al. , 2009 Jaimes et al. 2015 ; Lee and Chen 2014; Zheng et al. 2015; Wu et al. 2016; Huang et al. 2017) . As a result, to improve the typhoon intensity prediction, the SST cooling within a typhoon core needs to be captured (Wang and Wu 2004; Lin et al. 2013; Balaguru et al. 2015; Wu et al. 2016) . Price (1981) clearly demonstrated that the cooling amplitude and spatial extent of SST cooling are mainly controlled by typhoon characteristics and oceanic factors. The former includes the typhoon's maximum surface wind, translation speed, and size; the latter is the ocean's vertical thermal structure, which is often characterized by the mixed layer depth and the temperature gradient of the thermocline. From both observational and numerical studies, it is evident that upper-ocean thermal structure is a key player in modulating the SST cooling, especially when associated with ocean eddies (Shay et al. 1992 Schade and Emanuel 1999; Walker et al. 2005; Lin et al. 2005 Lin et al. , 2008 Pun et al. 2007; Wu et al. 2007; Jaimes and Shay 2010, 2015; Jaimes et al. 2011; Vincent et al. 2012; Zheng et al. 2015; Huang et al. 2017) .
Typically, the stronger the typhoon wind, the more the turbulent energy is transferred downward for upperocean mixing, and, thus, more intense SST cooling is generated (Elsberry et al. 1976; Price 1981; Lin et al. 2008; D'Asaro et al. 2014) . However, the duration of the typhoon wind forcing (or residence time) is determined by the typhoon translation speed and size. Lin et al. (2009) and Mei et al. (2012) investigated the effect of translation speed on SST cooling in the western North Pacific. They found that translation speed dominates, especially in the region where the mixed layer is shallow. However, the impact of typhoon size on typhoon-ocean interactions has received less attention Chan 2013, 2014) .
Occurring late in the season, Supertyphoon Megi (2010) was one of the most intense typhoons on record D'Asaro et al. 2014) . Surface wind speeds of up to 186 kt (1 kt 5 0.5144 m s
21
) were observed by the Stepped Frequency Microwave Radiometer (SFMR) on board the WC-130J aircraft from the Impact of Typhoons on the Ocean in the Pacific (ITOP) multinational field campaign (D'Asaro et al. 2011 (D'Asaro et al. , 2014 Pun et al. 2011; Lin et al. 2013; Wu et al. 2016; Hsu et al. 2017) . In addition to its extraordinary intensity, Megi contained many contrasting features in its life cycle when it traveled over the Philippine Sea and the South China Sea. The first contrasting feature is the magnitude of the SST cold wake induced by Megi (Fig. 1) . Over the Philippine Sea, the SST decrease was merely about 1.58C, even though Megi was at peak intensity with a very small eye-less than 15 km in diameter-based on WC-130J airborne radar and COSMO-SkyMed Synthetic Aperture Radar imagery composites, and surface maximum wind radius of less than 6 km, based on WC-130J SFMR measurements (D'Asaro et al. 2014) . In contrast, the SST decrease exceeded 78C over the South China Sea; the difference was nearly a factor of 5 ( Fig. 1 ) (D'Asaro et al. 2014; Ko et al. 2014; Wu et al. 2016) . The second contrast is the translation speed. Megi moved rapidly over the Philippine Sea at about 7.1 m s 21 but dramatically slowed down to about 2.6 m s 21 over the South China Sea (Fig. 2a) . The third contrast is the typhoon size. Based on SFMR observations and satellitebased wind radii reanalysis discussed in next section, the mean wind radius of 34 kt of 162 km when Megi was over the Philippine Sea doubled to 359 km over the South China Sea (Table 1 and Fig. 2b ). Note that the mean radius is defined as the azimuthal average of wind radii in the four typhoon quadrants relative to true north. The contrast between the SST cooling induced by Megi over the Philippine Sea and the South China Sea has been attributed to the differences in upperocean thermal structure and Megi's translation speed (D'Asaro et al. 2014; Ko et al. 2014; Wu et al. 2016) .
However, it is of great interest to ask whether Megi's size, characterized by wind radii variation, also contributed to the change in the SST cooling characteristics, especially under the typhoon. To answer this question, this work aims to quantitatively assess the influence of the typhoon size on Megi-induced SST cooling over the Philippine Sea and the South China Sea through numerical simulations.
Data used in this study are described in section 2. Model and numerical experiments are introduced in section 3. Simulation results are presented in section 4. Discussions are provided in section 5. Finally, conclusions are given in section 6.
Data
a. Megi's radial wind structure
The time-dependent radial wind profile of Megi is necessary information in order to conduct numerical experiments. However, obtaining a continuous wind profile with typhoonwide coverage and suitable temporal resolution has been difficult. To date, the most accurate surface wind observations may be measured by typhoon-penetrating flights equipped with SFMR Uhlhorn et al. 2007) , but this only provides a snapshot at certain stages in the typhoon's life cycle and is not usually available for every typhoon D'Asaro et al. 2014) . 
Satellite techniques provide higher spatial/temporal coverage, but it may suffer significant underestimation and uncertainty, especially the surface wind vectors under high wind conditions (Liu and Tang 1996; Chou et al. 2010 ). Alternatively, a better wind field for a typhoon may be generated by model assimilation with available in situ observations Wu et al. 2016) . Fortunately, frequent airborne SFMR observations are available for Megi over the Philippine Sea as part of the ITOP field experiment (D'Asaro et al. 2014) . In this study, we will combine multiple datasets to obtain Megi's radial wind profiles for later numerical simulations. First, Megi's 6-hourly locations are obtained from the International Best Track Archive for Climate Stewardship (IBTrACS; Knapp et al. 2010 ). This best track position is based on four meteorological agencies: Joint Typhoon Warning Center (JTWC), Japan Meteorological Agency (JMA), China Meteorological Administration (CMA), and Hong Kong Observatory (HKO). Second, SFMR surface wind structures from five of ITOP's WC-130J flights during 13-17 October 2010 are extracted and interpolated into regular 6-hourly intervals (Fig. 2 ). This SFMR dataset has been corrected for rain contamination (Klotz and Uhlhorn 2014 ) and archived at the Hurricane Research Division (HRD) of the U.S. National Oceanic and Atmospheric Administration (NOAA). The maximum surface wind speed of Megi is up to 186 kt, recorded by SFMR around 1300 UTC 17 October 2010 (Fig. 2a) . Because of the limited observations, SFMR-derived intensity and wind radii are only available for the period between 0000 UTC 14 October and 1200 UTC 17 October, when Megi was over the Philippine Sea. For the rest of Megi's track points, JTWC best track intensity, which is also archived in IBTrACS, is applied. Finally, the remaining wind radius information is obtained from satellite-based typhoon wind radii reanalysis from the Cooperative Institute for Research in the Atmosphere (CIRA; Mueller et al. 2006) . Note that the radii used here are azimuthal means.
Based on this observation-based dataset, Megi's intensity and radii for maximum winds (RMW) at 64 (R64), 50 (R50), and 34 kt (R34) are already available for every 6 h ( Fig. 2 ). At each 6-hourly track point, these radii, together with intensity, are used to form the 6-hourly radial wind profile, which, namely, consists of the typhoon center (wind speed 5 0), RMW, R64, R50, and R34. Figure 3 illustrates an exemplary profile at 0000 UTC 17 October 2010, along with SFMR observation. The translation speed is computed by a backward calculation between two 6-hourly positions.
From Fig. 2b , it is found that the size of Megi increased steadily during the rapid intensification stage over the Philippine Sea; the mean RMW, R64, R50, and R34 are around 19, 53, 92, and 162 km, respectively. However, these radii sharply increase to 43, 120, 210, and 359 km, respectively, indicating the increase in Megi's size after entering the South China Sea (Table 1 ). The change in Megi's size appears to coincide with the change in the posttyphoon SST cooling patterns between the Philippine Sea and the South China Sea (Fig. 1) . Wu et al. (2003) reported that such an increase in size was not unusual after typhoons passed through the Philippine Islands.
b. Ocean temperature profiles
In situ ocean temperature profiles before Megi's passage over the Philippine Sea and the South China Sea are obtained from the Global Temperature and Salinity Profile Program (GTSPP; https://www.nodc.noaa.gov/ GTSPP/) (Sun et al. 2010) . GTSPP seeks to collect all available ocean temperature and salinity observations (e.g., from Argos, stations, and expendable probes), providing one of the most comprehensive ocean in situ datasets.
In this study, a window of 20 days before Megi reached typhoon strength on 14 October 2010 is used to search possible temperature profiles that represent pre-Megi ocean conditions. By this strategy, 13 and 5 profiles are obtained in the vicinity of Megi over the Philippine Sea and the South China Sea, respectively (Fig. 1) . Not surprisingly, a thick, warm water layer of 119 m, which is defined by the depth of 268C isotherm (D26), is found in the Philippine Sea, compared to the shallow, warm water layer of 57 m in the South China Sea (Fig. 4) . Because of the similarity of the profiles, we arbitrarily choose one profile from each basin as an initial condition for the subsequent numerical experiments. The profiles at 19.08N, 125.38E on 14 October and at 18.78N, 119.58E on 2 October are selected to represent the ocean conditions of the Philippine Sea and the South China Sea, respectively (solid triangles in Fig. 1 and heavy profiles in Fig. 4 ).
Model and experiment design a. 3DPWP model
To examine and quantify the effect of typhoon size on Megi-induced SST cooling, we employ the three-dimensional Price-Weller-Pinkel (3DPWP) ocean-mixing model to conduct a set of numerical experiments. Developed by Price et al. (1994) , the 3DPWP has been a widely used physical ocean model to study ocean response to a moving typhoon (e.g., Sanford et al. 2007; Lin et al. 2013; Walker et al. 2014; Guan et al. 2014; Balaguru et al. 2015; Wu et al. 2016; Hsu et al. 2017; Huang et al. 2017 ). The 3DPWP is a hydrostatic model with primitive equations of temperature, salinity, and momentum budgets. The most important subgrid process in the model is the vertical mixing, which is parameterized by three factors: densitydriven static stability, wind-driven entrainment, and vertical shear flow instability. More details can be found in Price et al. (1994) and Lin et al. (2013) . 
The horizontal resolution of the 3DPWP is 5 km. No terrain and bathymetry are considered. There are 45 layers in the vertical, with 5-, 10-, and 50-m intervals for 0-100, 100-200, and 200-1000 m, respectively. The time interval for the integration is 15 min. Spatial domain for the Philippine Sea (South China Sea) segment of Megi's passage is 158-218N and 1218-1338E (158-218N and 1158-1218E) (Fig. 1) . The initial temperature field is laterally homogeneous, whereas the salinity is kept constant throughout. It should be noted that all air-sea heat exchanges are turned off, and background current is at rest in the present simulations . Therefore, entrainment mixing and upwelling are the only two physical mechanisms for the SST cooling.
b. Numerical experiments
As mentioned earlier, Megi's characteristics (e.g., size and translation speed) and the preexisting ocean thermal conditions are quite different over the Philippine Sea and the South China Sea. The main features of Megi between these two basins are summarized in Table 1 , based on two specific periods: 1) intensification stage during 0000 UTC 16 October-1200 UTC 17 October, covered by SFMR observations, and 2) maintenance stage during 0000 UTC 20 October-1200 UTC 21 October (cf. Fig. 2) . Statistically, the mean radii of Megi are about 227% greater over the South China Sea than those over the Philippine Sea (Table 1, bottom). To provide cross comparisons and determine the relative contributions, the influences of translation speed and ocean components are also examined. Megi's passage is separated into two portions according to the basins (viz., the Philippine Sea and the South China Sea) for carrying out respective numerical experiments.
The first part of the experiments is in the Philippine Sea domain, where Megi underwent the intensification stage with a very small size (Fig. 2) . The simulation period for this portion is from 0000 UTC 16 October to 0600 UTC 18 October. The second part is in the South China Sea region, where Megi strengthened to category 4 with a large size (Fig. 2) . The simulation period for the South China Sea portion is from 0000 UTC 19 October to 0000 UTC 22 October. For each basin (or track segment), one control experiment (based on observed conditions) and three experiments regarding the size, translation speed, and ocean condition are conducted by using the 3DPWP model ( Megi's intensity is a function of time in all experiments, which is based on the observations as shown in Fig. 2. 
Results

a. Philippine Sea experiments
First, the SST cooling induced by Megi in the Philippine Sea is examined at the time when Megi was a fast-moving and compact typhoon. Superimposed with 29 airborne expendable bathythermograph (AXBT) observations on 17 October from ITOP, Fig. 5 shows SST at 1500 UTC 17 October simulated by the 3DPWP model under the observed conditions (i.e., PS_control). It is found that the magnitude and spatial variation of the simulated SST cooling are in good agreement with the AXBT observations. The root-mean-square difference is 0.418C.
To compare the effects of the typhoon size with the other well-known factors (i.e., translation speed and preexisting ocean conditions), SST cooling is extracted from each experiment (Fig. 6) . The control experiment is used as a baseline to quantify the influence of each factor. Here, we consider the during-typhoon SST cooling, as it has an instant impact on typhoon intensification (Cione and Uhlhorn 2003; Zhang et al. 2017) . In this context, the SST cooling for each 6-hourly track point is defined as the difference in SST at the time of Megi's position and initial SST (i.e., pre-Megi condition). For example, the SST cooling for Megi's position at 1800 UTC 17 October (Fig. 6 ) is the SST difference between 1800 UTC 17 October and 0000 UTC 16 October. However, it should be noted that in the translation speed experiments, the model time changes in accordance with the modified translation speed. For the sake of simplicity, the subsequent analyses and comparisons throughout this paper are based on the best track positions and times from IBTrACS. In other words, the same best track times are imposed for each simulation, despite the changed model times due to substituted translation speeds. Figure 6a compares the SST cooling at Megi's position at 1800 UTC 17 October among the experiments, and varying degrees of change are found in terms of the magnitude and the spatial extent of the cooling pattern. All simulated SST cooling more or less shows a right bias relative to Megi's center, which is consistent with existing observational results (e.g., D 'Asaro et al. 2007 ). The impacts may be more evident in the cooling cross sections perpendicular to Megi's movement (Fig. 6b) . In the PS_size experiment, the size of Megi, characterized by RMW, R64, R50, and R34, is artificially expanded by about 227%, roughly equivalent to its size over the South China Sea. The 3DPWP simulation shows that both the magnitude and the extent of the SST cooling increase considerably as Megi enlarges (red vs black curves in Fig. 6 ; hereafter, the changes are with respect to the control experiment, if not specified). From the cross section in Fig. 6b , it is found that the maximum SST cooling increases by 0.98C, whereas the width of the SST cooling, which is based on the criterion of 66% of the maximum SST cooling defined by D' Asaro et al. (2014) , widens by 24 km. In addition, the right bias slightly shifts by 27 km. In the PS_Uh experiment, in which the translation speed is decreased to 2.6 m s 21 , the maximum SST cooling increases significantly to 2.18C, Fig. 7 , but for (a) right bias and (b) width of the SST cooling.
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and the width of SST slightly decreases by 26 km (blue in Fig. 6b ). However, the right bias remains unchanged. Finally, in the PS_ocean experiment, in adjusting the upper-ocean thermal structure to the South China Sea conditions (colder subsurface), only the magnitude of the cooling shows modest enhancement, while the width and right bias are barely affected (green in Fig. 6b ).
To further quantify the overall impacts of these three factors, the along-track SST cooling from different experiments is compared (Fig. 7) . It is noteworthy that the first (0000 UTC 16 October) and the last (0600 UTC 18 October) points are eliminated due to the spinup and land issues. The along-track SST cooling is obtained as the maximum SST cooling along the cross sections (cf. Fig. 6b ). As seen in Fig. 7 , all experiments show an increase in SST cooling as Megi intensifies. However, we found that the impact of translation speed is the most obvious, while the typhoon size has a second large effect. The upper-ocean thermal condition appears to have relatively minor effect. The conditions of the typhoon size, translation speed, and ocean associated with the South China Sea counterpart all act to enhance the SST cooling. On average, they would enhance the cooling by 105%, 146%, and 7%, respectively, over the Philippine Sea if the South China Sea conditions applied (Table 3 ). while slow translation speed and cold ocean thermal conditions both account for 7% and 26% reductions (Table 3) .
b. South China Sea experiments
As opposed to the period over the Philippine Sea, Megi turned into a stalling and huge typhoon over the South China Sea (Fig. 2 and Table 1 ). In the control experiment (i.e., SCS_control; Figs. 9a,b), SST after Megi's passage simulated by the 3DPWP is in good agreement with satellite daily microwave observations (Figs. 10a-c) . The modeled SST cooling is around 78-88C along the curving track, which is also consistent with the observations (Figs. 10d-f ) and existing literature (D'Asaro et al. 2014; Guan et al. 2014) . Furthermore, our simulated SST cooling is fairly comparable to the model results of Wu et al. (2016) , who used an advanced atmosphere-ocean coupled model with a more sophisticated data assimilated wind field (Figs. 9c,d) . Figure 11 shows the SST cooling of all South China Sea experiments at 0600 UTC 20 October. Similar to the findings in the Philippine Sea, the simulated SST cooling shows rightward bias to some extent. The maximum SST cooling differs significantly among the experiments and occurs in the right rear quadrant behind Megi's passage (Fig. 11a) . The pronounced differences can also be seen in the cross section (Fig. 11b) . In the typhoon size experiment (i.e., SCS_size), in which the size of Megi is shrunk by about 56%, the magnitude, right bias, and width of SST cooling under the typhoon decrease significantly by 3.78C, 28 km, and 94 km, respectively, compared to the control experiment (red vs. black curves in Fig. 11b ). In the SCS_Uh experiment, in which the translation speed is increased to the value over the Philippine Sea (i.e., 7.1 m s 21 ), the SST cooling changes even dramatically in terms of the magnitude (blue curve in Fig. 11b ). The magnitude of SST cooling under the typhoon decreases sharply from 5.98 to 1.38C, equivalent to a 78% reduction. The right bias and the width of the cooling decrease by 17 and 77 km, respectively. In the SCS_ocean experiment, substituting with the warmer ocean subsurface condition, there is a 3.68C reduction in the SST cooling, which is comparable to the typhoon size effect. However, the right bias has no change, and the width decreases moderately by 23 km (green curve in Fig. 11b) .
It is clear from the along-track SST cooling shown in Fig. 12 that all three factors act to mitigate the typhooninduced SST cooling over the South China Sea if replaced with Philippine Sea conditions. According to the simulation results, translation speed ranks the most influential factor for the Megi-induced cooling magnitude over the South China Sea: it would lead to a 74% overall reduction (Table 4) . Not surprisingly, the ocean thermal condition also plays a determinant role; on average, it would cause a 62% decrease in SST cooling. However, it is noteworthy that the effect of typhoon size is equally important in this case: it would lead to a 52% reduction in SST cooling, from 48 to 1.98C. In fact, the simultaneous occurrence of large typhoon size, slow translation speed, and colder ocean subsurface conditions allows Megi to generate an immense SST cooling over the South China Sea. Figure 13 compares the right bias and the width of the SST cooling. Consistent with the results in the Philippine Sea experiments (Fig. 8a) , the right bias is more sensitive to the typhoon size while the other two factors show relatively moderate effect (Fig. 13a) . In addition, it is evident that smaller typhoon size leads to a narrow cooling in this case (Fig. 13b) . However, fast translation speed and colder ocean subsurface conditions tend to reduce the overall width of the SST cooling, which are similar to the outcome from the Philippine Sea experiments (Fig. 8b) . The average changes in the right bias and the width of the SST cooling among the South China Sea experiments are summarized in Table 4 .
c. Dependence on typhoon size
Both sets of experiments have shown that typhoon size has a significant impact on the SST cooling. To quantitatively assess the dependence of the SST cooling on the typhoon size, we conduct experiments that allow a single wind radius (i.e., RMW, R64, R50, and R34) varying over a reasonable range. For instance, the range for R64 is from 55 to 120 km, increasing 5 km each time while keeping the other radii unchanged.
Based on the simulations over the South China Sea, Fig. 14 shows the rate of change in the maximum SST cooling under the typhoon with respect to the change in the size specified by the wind radius. As expected, the rates are nearly linear (Price 1981 ]. This result is understandable because stronger wind would have greater effect on SST cooling. Based on the cooling rates, the overall contribution to the maximum cooling due to the increase in R64, from the Philippine Sea (52.6 km) to the South China Sea (119.7 km), is 1.48C. Meanwhile, RMW, R50, and R34 account for 0.188, 0.578, and 0.638C, respectively. The total contribution to the maximum SST cooling is about 2.788C, which is generally consistent with the result of the SCS_size experiment (Table 4 ). However, it should be noted that this assessment is based on an ideally homogenous ocean. In nature, the ocean itself is very dynamic, with features like eddies, so the above rates may be easily changed due to the spatial distribution of such features (Jaimes et al. 2011; Jaimes and Shay 2015) .
Discussion
a. Curvature of the track
Over the South China Sea, Megi made a sharp turn to the north. Large SST cooling appears coincident with the concave side of the curving track (Figs. 9, 10) . Apparently, the 3DPWP simulation results show that the SST cooling appears stronger when Megi is curving (1800 UTC 19 October-1800 UTC 20 October; Fig. 12 ). Given this contrast in the SST cooling, it is interesting to investigate whether the curvature of the typhoon track contributes to SST cooling over the South China Sea. To do so, an additional experiment is conducted by artificially forcing Megi to go straight all the way across the South China Sea, while other conditions are identical to the control experiment (i.e., SCS_control). In the straight experiment, the starting point of 0000 UTC 19 October is relocated to 158N, 1188E, and then goes straight up to the north along the longitude of 1188E, until the end point of 0000 UTC 22 October. Figure 15 shows the simulated SST and corresponding SST cooling after the straight-moving Megi. It is somewhat comparable to the result of the control experiment (Figs. 9a,b) . It can be seen that the maximum SST cooling occurs around the peak intensity (i.e., 0000 UTC 20 October) with little bias to the right of the track. Interestingly, there is another maximum SST cooling around the point at 2100 UTC 20 October. This is probably due to Megi slowing down again after a short period of speeding up. Notwithstanding, this discussion will be focused on the curvature period, that is, 1800 UTC 19 October-1800 UTC 20 October. The straighttrack experiment reveals that the curvature of Megi's track contributes 1.28C to the maximum SST cooling during the typhoon, which is equivalent to a 30% difference, compared to the control experiment (Fig. 16a) . Meanwhile, the curvature also has a significant influence on the right bias and the width of the SST cooling; both are enhanced by 20% and 47%, respectively (Figs. 16b,c) .
b. Size and residence time of the typhoon
Our simulation results suggest that the translation speed acts as the most important factor responsible for FIG. 15. (a) SST and (b) SST cooling from the straight experiment over the South China Sea. In this experiment, Megi is forced to go straight from the south to the north, while all other conditions are the same as the control experiment (Figs. 9a,b) . Note that there is no terrain or bathymetry in the 3DPWP, and the coastal lines only depict the geographic location.
the distinctive SST cooling induced by Megi over the Philippine Sea and the South China Sea. In fact, the typhoon translation speed is one of the key factors affecting the underlying ocean response (Price 1981; Lin et al. 2009; Mei et al. 2012) . This is because the residence time of the typhoon is directly linked to its translation speed. From the ocean perspective, a slow-(fast) moving typhoon has longer (shorter) time to exert forcing on the ocean. As a matter of fact, the residence time is also related to the size and the path of the typhoon (e.g., curvature). Given the typhoon translation speed, Price et al. (1994) used a length scale of 4 times the RMW to define typhoon size for the purpose of calculating the residence time, while Lin et al. (2008) fixed to 220 km for the western North Pacific typhoons. However, the spatial variation of the residence time of strong winds relative to the typhoon passage may be relevant to the spatial distribution of the SST cooling (Sun et al. 2014) .
In this context, we experimentally use the radius of 64 kt (R64), that is, typhoon-force winds, to compute the residence time of Megi over the South China Sea and to investigate the impact of typhoon size on the residence time. Based on the satellite-based CIRA radii reanalysis, it is found that the residence time of Megi's wind varies spatially with the maximum of about 28 h, located on the right side of the curving track (Fig. 17a) . Not surprisingly, the SST cooling pattern is generally consistent with the residence time (Figs. 9, 10 ), indicating the importance of this factor. It is noteworthy that the residence time decreases dramatically to about 12 h if the size of Megi is reduced by 56% to the level over the Philippine Sea (Fig. 17b) . Price (1983) proposed a nondimensional translation speed S, defined as the ratio of local inertial period (1/f) to the typhoon residence time (R64/Uh), in which f is Coriolis frequency and Uh is Megi's translation speed. In fact, this dynamical parameter indicates the resonance between the wind stress and mixed layer near-inertial current, as well as persistence of wind forcing, compared to the local inertial period (D'Asaro et al. 2014) . If S 5 1, the turning of wind stress due to the movement of the typhoon is exactly at the same pace as the turning of the near-inertial current. As a result, the mixed layer current would strengthen and enhance the entrainment mixing. Generally, the resonance would be less effective when S is different from 1. However, if S , 1, it indicates that typhoon wind forcing persists longer than the local inertial period. Therefore, the Ekman balance may be established, setting up divergence and upwelling. In this situation, SST cooling may increase, although with less wind current resonance. On the other hand, if S . 1, both resonance and upwelling would weaken; thus, less cooling is generated. From Fig. 17c , it is found that Megi is roughly resonant coupling with the near-inertial current over the South China Sea with S 5 ;1-1.5. In contrast, S is doubling to .3 because of the decrease in the residence time ( Fig. 17d ; the size experiment). The large S suggests less entrainment mixing and upwelling, so SST cooling would be weakened. This result supports previous studies (e.g., Price 1981; D'Asaro et al. 2014) that the typhoon size is an important factor in modulating the ocean response to a moving typhoon. However, the relative contribution of entrainment mixing FIG. 16 . Comparisons of (a) SST cooling, (b) right bias, and (c) width of the SST cooling between control and straight experiments over the South China Sea.
and upwelling due to the typhoon size variation requires further investigation.
Conclusions
Supertyphoon Megi (2010) induced two very contrasting SST coolings over the Philippine Sea and the South China Sea (1.58 vs 78C). Other than the wellknown factors, such as the typhoon translation speed and ocean thermal conditions, this study emphasizes the influence of the typhoon size on SST cooling, especially during Megi's passage. The numerical results suggest that Megi's size has a significant impact on SST cooling, though the translation speed is the main driver for the different ocean responses. In general, large size, slow translation speed, and cold ocean subsurface conditions together allow Megi to generate strong SST cooling over the South China Sea. The opposite is true for its journey over the Philippine Sea. In summary, the magnitude of SST cooling under the typhoon is proportional to the typhoon size but inversely proportional to the translation speed and ocean subsurface thermal condition. These findings are consistent with the previous studies on posttyphoon SST cooling (or cold wake) (e.g., Price 1981; Lin et al. 2008 Lin et al. , 2009 D'Asaro et al. 2014) . Moreover, the right bias and the width of the SST cooling also appear sensitive to the typhoon size, both increasing with large typhoon size. Based on the sensitivity tests with an idealized ocean, we found that SST cooling changes linearly with RMW, R64, R50, and R34 during the typhoon, given other factors remain unchanged. We have illustrated that the residence time of typhoon-force (64 kt) wind is closely linked to the typhoon size. Given the translation speed, bigger typhoon size leads to longer residence time. The prolonged residence time decreases the nondimensional translation speed, S 5 ;1-1.5. In this circumstance, Megi's wind is roughly resonant with the mixed layer current and enhances the upwelling. It may partially explain the extensive SST cooling it left in the South China Sea. In addition, we discovered that the curvature of Megi's track also play a role, contributing up to 30% of the SST cooling over the South China Sea.
Although the findings of the present study are based on numerical experiments and one specific typhoon case, they provide some insight into the importance of typhoon size on during-or posttyphoon SST cooling. As the ocean thermal information has been continuously improved based on satellite techniques (Pun et al. 2014 (Pun et al. , 2016 , typhoon-induced SST cooling can be more accurately estimated by further considering the typhoon size variability. The current results also imply that the typhoon size and track need to be correct in the typhoon prediction models; otherwise, the SST cooling may not be accurate enough to predict subsequent typhoon intensity change. On a longer time scale, how the typhoon size changes in the future climate may play along with other environmental variations, such as ocean subsurface warming (Pun et al. 2013; Lin and Chan 2015) . However, the impacts of typhoon size, as well as curvature on ocean response, especially in terms of vertical mixing and upwelling, deserve more in-depth investigations, which will be our topic of future research.
